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We evaluated the estrogen receptor (ER) phenotype of recurrent and/or metastatic breast cancers and compared it with the ER status of the primary tumor in 278 cases. All patients had undergone surgical excision of the primary tumor, followed by observation only or treatment modalities that included radiation and/or chemotherapy or hormonal therapy. The immunohistochemical expression of ER was evaluated by using monoclonal antibody ER-1D5 and heatinduced antigen retrieval. At diagnosis, 165 patients had locoregional disease and 7 had distant metastases. Local recurrences and/or distant metastases occurred from 2 months to 21 years after the diagnosis of the primary tumor. Overall, 159 primary tumors (57.2%) were positive for ER. In 269 cases (96.8%), the ER status of the primary and metastatic tumors was the same. In 9 patients with ER+ primary tumors, the metastases were ER-. There were no ER-primary tumors with ER+ metastases. The time to distant metastasis was significantly longer for ER+ tumors. The immunohistochemically determined ER phenotype of primary breast cancers remains stable in most recurrent and metastatic disease.
The question of whether locoregional recurrences or distant metastases of breast cancer represent selective clones of tumor cells with phenotypes that render growth advantage has not been adequately answered. The estrogen receptor (ER) is expressed by approximately two thirds of newly diagnosed breast cancers. It remains unclear whether the ER phenotype of primary breast tumors undergoes a natural biologic drift or is altered as a direct consequence of therapy in recurrent and metastatic disease. Discordant results for ER have been described between primary and metastatic breast cancers. [1] [2] [3] [4] Acquired resistance to endocrine therapy has been variably attributed to loss of the ER. 4 However, the lack of a uniform, standardized method for the assessment of ER may have contributed to the discrepancies observed between the ER content of primary and metastatic breast cancers. In this study, we retrospectively reviewed the expression of ER in primary breast carcinomas, axillary lymph nodes, locoregional recurrences, and distant metastases from 278 patients, using the monoclonal antibody ER-1D5 and formalin-fixed, paraffin-embedded tissue samples.
Materials and Methods
We retrieved 278 primary infiltrating mammary carcinomas with their respective axillary lymph node dissection, locoregional recurrence, and distant metastases specimens from the surgical pathology files of the University of Miami, Jackson Memorial Hospital, Miami, FL. Cases were selected for the presence of local recurrence and/or distant metastases. All patients had undergone surgical excision of the primary breast carcinomas with axillary node dissections. Follow-up included observation only or various combinations of hormonal therapy, radiation therapy, and chemotherapy.
All specimens were fixed in 10% neutral buffered formalin for 12 to 48 hours and processed by conventional overnight processing. Slides were reviewed, and the presence of invasive carcinoma was confirmed in all cases. For primary breast carcinomas, blocks of tumor that contained normal or nonneoplastic mammary epithelium were preferentially selected. Immunohistochemical analysis for ER was performed on 3-to 4-µm paraffin sections using the monoclonal antibody ER-1D5, heat-induced antigen retrieval, and the L-SAB detection system (DAKO, Carpinteria, CA). The stepwise procedure is summarized in zTable 1z.
Immunohistochemically stained slides were evaluated for the presence of a positive nuclear reaction. Because a positive reaction for ER-1D5 is typically homogeneous and diffuse, scoring for the percentage of positive cells was not necessary. The intensity of positive nuclear reactions was evaluated against the reaction in respective internal control samples whenever available or the external positive control sample. Negative reactions for ER were validated against the positive reaction of the internal control sample in mammary epithelium whenever possible.
Results
All 278 patients had primary breast carcinomas with local recurrence and/or distant metastatic disease. At diagnosis, 165 patients had positive axillary lymph nodes and 7 had distant metastases. Locoregional recurrence in the ipsilateral breast, chest wall, and skin occurred from 2 months to 7 years later. Distant metastases in bone, brain, female genital tract, gastrointestinal tract, kidney, liver, lung, gallbladder, and serosal surfaces occurred up to 21 years after the primary diagnosis.
In 269 patients (96.8%), the ER status of the primary and metastatic tumors remained the same, ie, diffusely positive or completely negative. Of the primary breast tumors, 159 (57.2%) were positive for ER. The immunohistochemical reaction for ER was generally diffuse and uniform. Positive intranuclear staining was observed in more than 90% of the tumor cells.
In primary breast carcinomas, the intensity of the positive reaction was equal to or greater than that of the adjacent nonneoplastic mammary epithelial cells. Variation in the intensity of the reaction among tumor cells was minimal. In sections of tumor that had been inadequately fixed, a gradation of staining intensity was observed, with the periphery of the tissue section demonstrating a stronger reaction for ER, relative to the center of the section. For 150 ER+ primary tumors, there was complete concordance with the expression of ER in the lymph nodes and recurrent and/or metastatic disease. In the remaining 9 ER+ primary tumors, the metastases (8 in axillary lymph nodes and 1 in bone) were ER-. However, owing to the lack of internal control at these sites, we were unable to determine if the metastases were truly ER-or represented false-negative results owing to inadequate fixation. All 119 ER-breast cancers had concordant results in nodal, recurrent, and/or metastatic disease samples. There were no ER-primary tumors with ER+ metastases zTable 2z. The mean time to distant metastases was significantly longer for ER+ than for ER-tumors (7.2 vs 2.6 years, respectively; P < .01; 2-tailed t test) zTable 3z.
Discussion
The expression of ER is routinely assayed in all newly diagnosed breast cancers. The presence of ER predicts an increased likelihood of initial response to endocrine therapy. Acquired resistance to endocrine therapy, in particular to tamoxifen, has been attributed by some to a drift in the ER phenotype as the tumor progresses. Reports of loss of ER expression in recurrent and metastatic breast cancer zTable 1z Stepwise Procedure for Estrogen Receptor Staining in This Study * have lent support to the concept that acquired resistance to tamoxifen may be secondary to the selection of ER-clones in disease progression. 1, 3, 4 Before ascribing reported changes in ER status to inherent biologic changes in breast carcinomas, the potential variables that may influence the measurement of ER should be considered. Initial reports of phenotypic drift of the ER were based on dextran charcoal assays of fresh tumor tissue that required unoccupied ligand binding domains of the ER protein for accurate measurement. 1-3 ER+ breast carcinomas were reported to convert to ER-phenotypes following tamoxifen therapy, whereas progesterone receptor (PR) expression remained the same. 5 It soon became evident, however, that an ER-result on the recurrent or metastatic ER+ tumor represented a false-negative result owing to occupancy of the ligand-binding domain of the ER by tamoxifen. [5] [6] [7] Even with the clarification of the confounding effects of tamoxifen therapy, the concept of an ER+ tumor converting to a more aggressive ER-phenotype still exists.
The ER proteins exist as 2 isoforms, α and β, with relatively similar structures but different functions. Although both are expressed in normal mammary tissue, it is the ER-α isoform that has the critical role in malignant transformation and progression. Human ER-β is somewhat homologous to ER-α in the ligand-binding domain. However, the N-terminal regions that contain the ligand-independent functions of these 2 proteins are quite distinct. 8, 9 As a consequence, some antibodies against the ER may recognize ER-α but not ER-β, and others may recognize both. For example, the ER antibody 6F11 reacts against ER-α and ER-β and, thus, detects ER in lung cancers that may express high levels of ER-β. 10 The monoclonal antibody ER-1D5, on the other hand, is a mouse monoclonal antibody that reacts with the A/B region of the N-terminal domain specific to ER-α. Lack of reactivity of this antibody with ER-β makes it ideal for the distinction of metastatic ER+ breast carcinoma in lung from a primary lung cancer.
The existence of splice variants of the ER-α protein is well documented. 8, 11, 12 The most common form of the truncated ER protein lacks the ligand-binding domain but maintains the well-characterized, constitutively active, ligand-independent transcriptional domain located in the N terminus. This variant protein is detectable with ER-1D5, whereas it may be missed with assays that require an intact ligand-binding domain. It is possible that continued use of tamoxifen and/or biologic drift selects for tumor cells with these variant ER proteins that are present but undetectable with antibodies that require an intact tertiary structure.
Immunohistochemical analysis detects only the presence of the ER protein and not its function. A truncated ER protein may still be biologically present and even functional but immunohistochemically undetectable, depending on the antibody used. This phenomenon may, in part, explain the negative ER results observed with some ER antibodies in tumors that express PR. With ER-1D5, we have yet to encounter an ER-, PR+ breast cancer in well-fixed tissue. 13 The epitope identified by ER-1D5 is relatively sensitive to fixation, and, hence, false-negative results owing to inadequate fixation and/or decalcification may occur. 13 This may be difficult to assess in metastatic foci because there are no internal positive control cells to be evaluated. With the antibodies that recognize epitopes that are less fixation-sensitive, this may not be a major issue. For example, the rabbit monoclonal anti-ER antibody SP1 is reported to have an affinity for the ER protein that is 8 times higher than that of ER-1D5 and may, therefore, be more sensitive, particularly in cases in which epitope fixation is compromised. 14 As a measure of the presence or absence of the ER protein, the use of ER-1D5 is of great value in the detection of recurrent and/or metastatic breast cancer. The immunophenotypic concordance for the expression of ER, regardless of therapy, can be quite helpful, in particular for cases in which the morphologic changes following therapy make the comparison between the primary tumor and the metastasis more challenging. The phenotypic expression of ER as a stable marker for breast cancer can also be used as a diagnostic tool of great value for patients with metastatic disease from unknown primary tumors. Although the presence of ER predicts an increased likelihood of response to hormonal therapy, its immunohistochemical expression merely reflects the presence and not the function of the receptor protein or the likelihood of response to therapy. Until a more biologically meaningful predictor of response to endocrine therapy for breast cancer is found, immunohistochemical analysis for ER remains the "best available" test. Finally, the time to metastasis observed for patients with ER+ tumors was greater than that for patients with ERtumors. The ER+ phenotype remained stable for patients who had metastasis up to 21 years after the diagnosis of the primary tumor. Patients who experienced late recurrence were more likely to have tumors initially phenotypically positive for ER. Thus, an ER-tumor in a patient with a remote history of ER+ breast cancer should suggest a second primary event.
